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4.  INTRODUCTION  
 

 
Figure 1. Self-targeting QDs against cancer 

It is well known that breast cancer metastases are 
responsible for relapse and mortality, and that they 
show an organ-specific pattern of spread. It is also 
known that chemokine receptors CXCR4 and CCR7 
are upregulated in breast cancer cells and in their 
micrometastases, and that the chemokine ligands for 
these same receptors are found at elevated levels in 
the areas to which breast cancer metastasizes.  
However, recent advances in our understanding of 
the disease in molecular terms have not yet 
triggered radical changes in breast cancer therapy 
because they do not deal with detection cum 
prevention of micrometastases; this work does.  The 
purpose of the research was to test the feasibility of 
an approach, that unlike any therapy now in use, 
was designed to detect and prevent formation of 
micrometastases by blocking the CXCR4 receptor’s 
interaction with its natural ligands using 
multivalent1 synthetic chemokine mimics. 

The noninvasive NIR imaging method will image breast tumor and cancer micrometastases 
thereby eliminating surgical trauma. The dendrimer-based, biocompatible nontoxic nanoparticles 
that were synthesized in water, when loaded with multiple copies of the non-toxic VBN-
chemokine mimics will not only allow visualization of micrometastases, but will also prevent 
their spread to other organs thereby changing the fatal outcome of the disease.    
 
5.  BODY  
Specific Aim 1. Synthesize dendrimer-encapsulated QDs that absorb and emit efficiently in the 
NIR. 

Task 1. Synthesize fifth generation surface modified 5G-PAMAM-dendrimer encapsulated PbS 
and InP QDs (0-4 months) and  Task 2. Measure the absorption, fluorescence and excitaion 
spectra of the above synthesized dendrimer nanocomposite (1-4 months)  

Syntheses of PbS QDs, using “top-down” or “bottom-up” protocols described in the 
literature1 could not be adapted to prepare the target compounds, because of the low stability of 
the thiolate-capped PbS QDs at physiological pH values.  The following approach, consisting of 
3 phases, was pursued and ultimately led to the synthesis of stable, high quality, dendrimer-
encapsulated PbS QDs:    

In Phase 1, model reactions were run to obtain PAMAM dendrimer-encapsulated CdS 
QDs in an organic solvent (methanol) to determine the most suitable dendrimer generation size 
and other reaction conditions. In Phase 2, biocompatible synthesis in ultrapure, 18.2 MΩ water 
of CdS QDs within G5- and G6-PAMOH dendrimer nanoreactors was established, and in Phase 
3, successful synthesis of stable, dendrimer-encapsulated PbS QDs was achieved via direct 
synthesis, or via ligand exchange.  
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The data shown in Figures 2-5 was obtained as a result of hundreds of experiments in 
which the reaction conditions, such as the concentration of the dendrimers, sulfide and cadmium 

Figure 2. Synthesis of 6G-PAMOH
CdS  QDs in methanol solution. The
growth of the nanoparticles was
monitored using fluorescence,
UV/VIS absorption (insert) and
second derivative spectra.  

is

Figure 4. Synthesis of 5G-PAMOH
CdS QDs in methanol at room
temperature. The growth of the QDs
was monitored using fluorescence,
UV/VIS absorption (insert) and  second
derivative spectra.  

Figure 5. Synthesis of 5G-PAMOH
CdS QDs in ultrapure 18.2 MΩ water
at room temperature. The growth of the
QDs was monitored using fluorescence,
UV/VIS absorption (insert) and second
derivative spectra.  

Figure 3. Synthesis of 6G-PAMOH CdS   
QDs in ultrapure, 18.2 MΩ water. The 
growth of the QDs was monitored using 
fluorescence, UV/VIS absorption (insert) 
and second derivative spectra. 
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ion concentrations, the dendrimer/ion concentration ratio, addition times, reaction times, rates of 
addition, and pH, were optimized. The reactions were carried out in degassed media, under argon 
atmosphere, at room temperature.  

Comparison of 4th, 5th, and 6th generation PAMOH dendrimers revealed that the 5th and 
6th generation dendrimers formed more intensely fluorescent CdS QDs. Moreover, the CdS QDs 
protected by the higher generation PAMAM dendrimers were significantly more stable than 
those protected with 4th generation PAMOH dendrimer, therefore efforts were focused on the 
synthesis and characterization of 5th and 6th generation nanocomposites (Figure 6).  

 
 
 
 
 
 
 
 
 
 
 
 G5-PAMAM   G4-PAMAM 
 

     G6-PAMAM 
 
 
 
 

Figure 6. 3D structures and other molecular characteristics of the G6-, G5-, and G4-PAMAM dendrimers. 

Biological and medical imaging, targeted drug delivery, and diagnostic applications all 
require optically stable QDs soluble in aqueous media. However, synthesis of colloidally and 
optically stable water-dispersible QDs remains a challenge, therefore only a few recent studies 
have reported successful preparation of  biocompatible QDs.2-6 These syntheses employed 
amphiphilic polymers to stabilize CdSe/ZnS QDs, or  phospholipids micelles to stabilize Si QDs, 
or used ligand exchange followed by capping with poly(acrylic acid) to stabilize iron oxide and 
TiO2 nanoparticles  in water.  The drawbacks using the above methodologies are numerous. They 
include lower fluorescence quantum yields, emission maxima in the visible range resulting in 
poor tissue penetration, incomplete ligand exchange or decomposition during ligand exchange, 
and complex, tedious procedures. The work described here demonstrates that direct synthesis of 
QDs in water is feasible by synthesizing CdS quantum dots in hydroxyl-terminated dendrimers.  

In the course of the synthesis of biocompatible QDs, we realized that gentle curing at 50 
oC for 2 hours, or 70 oC for 1 hour can speed up the process that normally took several days at 
room temperature.  Thus, when the synthesis was carried out in water at rt, the initially observed 
emission maxima of the freshly synthesized sample of G6-PAMAM encapsulated QDs (at 
480/520 nm shifted to 650 nm with concomitant enhancement of intensity (Fig. 3, green curve) 
when the sample was cured an hour at 70 oC.   
 Other experiments showed that storage at room temperature over extended periods 
affected the fluorescence emission of the G6-PAMOH CdS QDs (Figure 7). The fluorescence  

 MW: 69,351.62 
 256 terminal groups 
 254 tertiary amines 

 MW: 34,491.60 
 128 terminal groups 
 126 tertiary amines 

 MW: 17,061.58 
 64 terminal groups 
 62 tertiary amines 
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intensity dropped and shifted to longer wavelengths (λmax=650 nm), taking up to two weeks to 
stabilize at room temperature. This same red shift to 650 nm could be achieved faster, by heating 
the sample for 1 hour at 70 oC. 
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Figure 7.  Changes in the emission spectrum of 6G-PAMAM CdS QDs. 

The biocompatible synthesis of CdS QDs in water resulted in large Stokes shifts, and afforded 
QDs emitting close to the NIR range. However, to achieve better tissue penetration, the synthesis 
of dendrimer-encapsulated PbS QDs had to be undertaken. Based on the experience with 
synthesis of the dendrimerized CdS QDs, two types of syntheses were followed to obtain the 
target compounds:  (1) Synthesis via ligand exchange, and (2) Direct synthesis  (Figure 8). 

                        

PbS
QD

 

 
Figure 8.  Synthetic routes to dendrimerized 6G-PAMAM PbS QDs. 

When the 650 nm emitter was 
stored in the dark for 2 months 
it slowly converted to a blue 
emitter (λmax=470 nm). Heating 
to 70 oC completed the 
conversion of the red emitter 
into the blue emitter. Planned 
HRTEM studies will help to 
elucidate  the nature of these 
intriguing, interconvertible  
red/blue emitters. 

  Ligand    
Exchange 

 

PbS
QD

    Pb2+, S2-

   in ultrapure

       water       
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In the ligand exchange process, the weaker carboxyl ligands of the oleic acid in the inverted 
micelle structure are exchanged for the stronger amine ligands within the dendrimer. The 
exchange reaction was monitored via transmission electron microscopy (TEM).  Figure 9 shows 
the PbS QDs within the inverted micelles, and Figure 10, shows the PbS QDs  encapsulated 
within 6G-PAMAM dendrimers. 
 

 
 
 

 
 

Figure 9. TEM images 
of  PbS QDs in inverted 
micelles of oleic acid. 
Before ligand exchange 

Figure 10. TEM image of  
PbS QDs in 6G-PAMAM 
dendrimer matrix after ligand 
exchange.  The branches of 
the dendrimer were optimized 
for ligand exchange, and the 
surface of the dendrimers  
were optimized for facilitating 
self-assembly.  
 
The size of PbS QDs is 2.9 
nm, and they have the typical 
hexagonal wurzite structure. 
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Specific Aim 2. Synthesize polyazamacrocyclic chemokine mimics with linkers for conjugation 
 
Task 3.  Synthesize polyazamacrocyclic chemokine mimic, VBN-19, with a three carbon linker 
 using [2+2] macrocyclyzation reaction. 
 
In order to better assess the potential of the VBN-chemokine mimics, instead of a single VBN-19 
compound, three analogs VBN-18, VBN-19R, and VBN-25 were prepared according to 
previously established synthetic routes.  All three analogs were then conjugated, and were also 
submitted to the following toxicity studies in collaborative arrangements:  
 
Specific Aim 3. Derivatize the periphery of the dendrimer QDs with multiple copies of the  
  polyazamacrocyclic chemokine mimic VBN-19 and study their spectroscopic   
  characteristics. 

Task 4.  Derivatize the periphery of the G5-PAMAM–dendrimeer encapsulated QD with 
multiple copies of the chemokine mimic VBN-19 (8-10 months) 

Task 5.  Measure the absorption and fluorescence spectra of 5G-PAMAM dendrimer  
encapsulated  QDs conjugated with multiple copiesof polyazamacrocyclic  chemokine mimic 
VBN-19 (8-10 Months). 
 
Since the toxicity data as well as the chemokine activity pointed to a derivative of VBN-19, 
VBN-19R as the more suitable compound for further testing, attempts were made to conjugate 
VBN-19R to the 6G-PAMAM PbS QDs’ surface. According to the reaction’s stoichiometry, at 
least 4-5 units of VBN-19R should have been attached per surface. However, it is very difficult 
to estimate the exact amount within the large G6- polymer of  MW= 69,351 without measuring 
the 800 or 900 MHz NMR spectra of the conjugate.  A better approach will be the synthesis of 
series with different stoichiometries and determination of their chemokine activity in 
collaboration studies. The active compounds will then be selected for full structural elucidation. 
Specific Aim 4.  Study the absorption and fluorescence spectra, fluorescence kinetics, and 

emission anisotropy of the synthesized nanocomposites, provide feedback for synthesis, 
and test their efficacy through imaging experiments. 

Task 6. Measure the absorption and fluorescence spectra of 5G-PAMAM-dendrimer 
encapsulated QDs and conjugates. Measure fluorescence lifetime, emission anisotropy. 
Provide feedback for optimizing syntheses. (1-11 months)  

Absorption and Emission Spectra 
The absorption spectra of the synthesized QD-dendrimer hybrid nanocomposites were 

measured at room temperature using a UV-visible-NIR spectrophotometer (Perkin-Elmer 
Lambda-9). The fluorescence spectra in the 400-750 nm spectral range were measured using a 
fluorometer (Perkin-Elmer LS-50). These spectra provided guidance for the synthesis process, as 
has been outlined in the Specific Aim 1 Section.  

Figure 2, Figure 3, Figure 4, and Figure 5 show the room-temperature optical emission 
spectra and absorption spectra (insets) of CdS QD-6G PAMOH in methanol, CdS QD-6G 
PAMOH in water, CdS QD-5G PAMOH in methanol, and CdS QD-5G PAMOH in water, 
respectively. Also shown in the insets of these figures are the respective second derivative 
spectra.  
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The absorption spectra of all four nanocomposites are characterized by strong blue shift of 
the absorption band edge compared to that of the bulk CdS (512 nm).  This blue shift is a 
consequence of quantum confinement effect and provides an indication that the nanocomposites 
are being formed, and can be used to obtain estimates of the size of the CdS-QDs being formed. 
Table 1 summarizes the spectral position of the first absorption peak of the nanocomposites. 

Table I. Spectroscopic properties of the nanocomposites 

Nanocomposite First Absorption
peak (nm) 

Emission  
peak (nm) 

Emission 
Range (nm) 

CdS QD-6G PAMOH 
in methanol 

354 473 400 -700 

CdS QD-6G PAMOH 
in water 

376 614 400-750 

CdS QD-5G PAMOH 
in methanol 

370 474 400-675 

CdS QD-5G PAMOH 
in water 

288 613 450 -850 

All four nanocomposites exhibit broadband fluorescence. As shown in Table I, the 
nanocomposites synthesized in water had their emission peaks much further red shifted (614 nm, 
613 nm) than those synthesized in methanol (473 nm, 474 nm). Nanocomposites in methanol 
solution fluoresced more strongly than those in water. The ability to synthesize the hybrid 
nanocomposites in water, and the substantial red shift of fluorescence of the nanocmposites thus 

synthesized are among the 
important achievements of this 
work, because biomedical 
applications require contrast 
agents or drug delivery agents to 
be optically stable in acqueous 
media. 

To obtain nanocomposites 
those emit in the NIR (NIR 
radiation has higher penetration 
into biological tissues) 
nanocomposites based on PbS 
QDs encapsulated in G6-
PAMAM dendrimer were 
synthesized. The absorption and 
emission spectra of the PbS QD-
G6-PAMAM nanocomposite is 
shown in Fig. 11. The 
fluorescence was excited using 
the 698-nm output of a diode 
laser, dispersing the fluorescence 
through a monochromator and 
sensing the dispersed 
fluorescence using a PbS-
photodetector.  

The first absorption peak (band-edge absorption) appears at 750 nm, which is substantially 
blue shifted compared to that of the bulk PbS (3.38 µm).  This blue shift is again a consequence 
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Figure 11. Optical absorption (left) and fluorescence 
(right) spectra of PbS QD- 6G PAMAM. The sample was 
contained in a 2-mm thick quartz cell. 
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Figure 11. Optical absorption (left) and fluorescence 
(right) spectra of PbS QD- 6G PAMAM. The sample was 
contained in a 2-mm thick quartz cell. 
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of the quantum confinement effect, as the QD of size is assessed to be ~3 nm from TEM 
measurements. The emission spectrum spans the 800-1200 nm range with a peak at 940 nm. 
Fluorescence Lifetime 

The time evolution of nanocomposite fluorescence was measured by exciting into the 
absorption band using ultrashort light pulses of appropriate wavelength, and monitoring the 
resulting fluorescence in the time domain using a fast photodetector. The fluorescence from CdS-
QD based nanocomposites had a faster component and a slower component, similar to the 
behavior observed in the CdS:DAB nanocomposite.7 The samples were excited using 100-fs, 
375-nm frequency doubled output of a Ti:sapphire laser and amplifier system.8 The fast 
component was measured using a streak camera  (Hamamatsu Model C5680) with a typical 
temporal resolution of 6 ps. The time evolution of the slower component was measured using a 
photomultiplier tube, and analyzing the fluorescence temporal profile using a 50-ohm terminated 
digital oscilloscope. The latter arrangement was used to measure the fluorescence dynamics of 
the PbS QD-G6-PAMAM nanocomposite with the exception of fluorescence being excited by 
the 750-nm fundamental output of the Ti:sapphire laser system.  
A fit to the initial part of the temporal profile assuming a relationship of the form  

I(t) = I1 exp(-t/τ1) + Is(t), (1) 
provided the decay time for the fast component.  In Eq.(1) I1 is the peak value, and Is(t) is the 
quasi-steady (on the picosecond time scale) value of the fluorescence intensity, and τ1 is the 
decay time of the faster component. The long component of the fluorescence temporal profile 
could be fitted to a single exponential to extract the decay time.  

 

The PbS QD exhibited a single exponential decay with a longer lifetime of 1845 ns (Fig. 12.) 
However, the PbS QD-G6-PAMAM nanocomposite fluorescence lifetime was shorter, 1396 ns. 
We attribute this shortening of lifetime to more nonradiative decay channels that become 
available because of incorporation in the PAMAM dendrimer matrix.   
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Figure 12. Room temperature fluorescence decay of PbS QDs 
in inverted micelles of oleic acid. The red line is a fit to the
experimental data represented by the black line.
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Figure 12. Room temperature fluorescence decay of PbS QDs 
in inverted micelles of oleic acid. The red line is a fit to the
experimental data represented by the black line.
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Table II. Fluorescence lifetimes of the nanocomposites 

Nanocomposite Lifetime, τ1 
(ps) 

Lifetime, τ2 
(ns) 

CdS QD-6G PAMOH 
in water 

322 + 6 500 + 12 

CdS QD-5G PAMOH 
in water 

457+ 8 440+ 8  

PbS QD-G6-PAMAM 
in water 

 1396+11 

Table II presents the fluorescence decay times of the CdS-QD based nancomposites synthesized 
in water, and of  PbS QD-G6-PAMAM in water. 

Task 7.  Carry out optical imaging experiments using Intralipid-10% suspension in water as the 
breast tissue-simulating specimen to test the efficacy of the nanocomposites.  (9-12 months) 

The potential of the nanocomposites as fluorescence contrast agent for imaging applications 
was tested in an imaging experiment. A suspension of Intralipid-10% in water, and a slab of 
chicken breast tissue were used as the breast tissue simulating scattering media.  
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Fig. 13. A schematic diagram of the experimental arrangement for fluorescence optical imaging. 
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The imaging experimental arrangement, shown schematically in Fig. 13, used 120-fs 
duration, 1-kHz repetition-rate, 800-nm light pulses form a Ti-sapphire laser and amplifier 
system for probing the sample, and an ultrafast gated intensified camera system (UGICS) for 
recording 2-D images.9 The UGICS is a compact gated image intensifier unit fiber-optically 
coupled to a charged-coupled device (CCD) camera. It provides an electronic gate pulse whose 
full-width-at-half-maximum duration can be adjusted to a minimum of 80-ps, and the position of 
the time gate could be varied over a 20 ns range with a step size of 25 ps (or some integral 
multiple of it). The signal recorded by the UGICS at a particular gate position, ti is a two-
dimensional (2-D) image, that is, a 2-D intensity distribution I(x, y, ti) formed by the convolution 
of the transmitted light pulse with the gate pulse centered on the gate position. 

The Intralipid-10% suspension in water (transport length 2.3 mm at 800 nm) was held in a 10 
cm X 10 cm X 4 cm transparent plastic container. The target was the PbS QD-G6-PAMAM 
nanocomposite in water contained in a 5-mm outer diameter (2 mm inner diameter) tube. The 
sample was placed in the middle of the 4-cm path length of the container. The diffuse 
fluorescence from the target was collected by a camera lens through optical filters that blocked 
the 800-nm pump beam, but transmitted a narrow band of fluorescence around 832 nm. The 
fluorescent target appears as a brighter region on a darker background. The corresponding spatial 
intensity profile shows a peak in the target position. Time-resolved images were recorded at 
different intervals within the 20-ns range, and indicated that not only fluorescence imaging, but 
fluorescence lifetime imaging may also be accomplished with this QD-based contrast agent.  

To simulate a more realistic target we soaked a ~2mm X 2mm X 2mm piece of chicken 
tissue with the nanocomposite solution and placed it inside a 40 mm X 40 mm X 10 mm chicken 
tissue block. Imaging measurement was carried out through the 10 mm path length. Again a 
brighter image of the fluorescent target in a darker background was obtained. The result of 
imaging measurement is shown in Fig. 14. 
Specific Aim 5.  Test the effect of chemokine mimics on breast cancer cells in collaborative 

studies 

Task 8. With our collaborators in the Biology Department at CCNY, and at Memorial Sloan 
Kettering Cancer Center test the effect of the chemokine mimic nanocomposite on 
established breast cancer cells. (11-12 months) 
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Fig. 14. Time-gated two-dimensional fluorescence image (left) of a small piece of chicken tissue impregnated 
with PbS-based nanocomposite solution placed  within a slab of chicken tissue described in the text. Spatial 
Intensity profile (right) of the image along the region enclosed by the white dashed line. 
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with PbS-based nanocomposite solution placed  within a slab of chicken tissue described in the text. Spatial 
Intensity profile (right) of the image along the region enclosed by the white dashed line. 
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with PbS-based nanocomposite solution placed  within a slab of chicken tissue described in the text. Spatial 
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Toxicity studies: 
• All three chemokine mimics, VBN-18, VBN-19R, and VBN-25, were tested for toxicity by 

Dr. Mary L. Alpaugh (Department of Biology at CCNY) using the cell line MDA MB 468, 
human Black, breast epithelial derived from an adenocarcinoma.  Cell line is tumorigenic in 
immune-compromised mice (from ATCC). Stock solutions of 8.2x10-3 M of VBN-18, 
7.8x10-3 M (in ethanol), of VBN-19R (in ethanol), and 4.07x10-3 M  of VBN-25 (in water) 
were prepared and appropriate dilutions were made to determine toxicity. It was determined 
that none of these chemokine mimics was toxic to the cells in the concentration range of 5-
100 µg/mL. 

• Toxicity against H9 T cells, and chemokine activity in pre and post-infection assays was 
determined by Dr. Robert R. Finberg laboratories at Harvard Medical School & Dana Farber 
Cancer Institute. None of the three VBN-chemokine mimics was toxic to H9 T cell lines up 
to 50 µg/mL, and they showed  chemokine activity at or close to 25 µg/mL (VBN-19R). 

These studies are highly encouraging because none of the three chemokine mimics tested 
displayed toxicity, and a derivative of VBN-19 (VBN-19R) showed significant CXCR4 
chemokine activity. 
 
Task 9. Develop a hypothesis-based research proposal based on the data accumulated during 

the project for supporting this important line of work in the future. (11-12 months)  
We are developing a proposal based on the work accomplished in the current Concept 

Award, and plan to submit it in the Idea Award category in next year’s BCRP solicitation. We 
also plan to seek support from National Institute of Health for this line of research.  

 
6.  KEY RESEARCH ACCOMPLISHMENTS 

• Synthesis of multivalent, hybrid nanocomposites has been accomplished in water. The 
method is the first straightforward bench top synthesis of water-soluble, biocompatible 
quantum dot nanocomposites at room temperature. It represents a general approach to the 
synthesis of hybrid inorganic/organic nanocomposites in aqueous media thereby greatly 
extending their possible applications. The dendrimer matrix employed here to stabilize the 
nanoparticles in water also provide a multivalent platform for interface with biomolecules at 
the dendrimer surface. This interface is critical for the synthesis of QD bioconjugates 
designed to prevent breast cancer micrometastases. 

• A gentle method was established to further stabilize the nanocomposites synthesized in 
water, and to concomitantly and significantly shift their fluorescence emission to the desired 
NIR range highly desirable for in vivo imaging. 

• The synthesis of NIR emitting, dendrimerized PbS QDs was accomplished using both fifth 
and sixth generation PAMAM dendrimers for encapsulation and self-assembly, yielding 
hexagonal wurzite-type structures.  

• The CdS-based water-soluble nanocomposites emit in the red and PbS-based 
nanocomposites emit in the near-infrared, and are suitable for application as contrast agents 
in biomedical imaging. 

• Imaging experiments involving these fluorophores as targets within breast tissue simulating 
media indicate their potential as contrast agents.   
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• The synthesis of three chemokine mimics VBN-18, VBN-19R, and VBN-25 (instead of the 
proposed single one, VBN-19) was accomplished. This allows a fuller evaluation of the 
nanocomposites’ toxicity/chemokine potential. 

• None of the three synthetic VBN-chemokine mimics was toxic to MDA MB 468 breast 
cancer cell lines at concentrations at which chemokine mimic activity was observed in the 
pre- and post-infection assays in the Harvard pre- and post-infection experiments. 

• Their biocompatibility, their multivalency, their optical properties, and the fact that the three 
lead nanocomposites obtained to date are not toxic to breast cancer cells, and that they act as 
chemokine mimics, indicate their high potential in preventing  micrometastases.  

 
7.  REPORTABLE OUTCOMES 

Presentation and Proceedings 
V. Balogh-Nair, A. Byro, F. Wang, R. Muthukattil, Y. F. Tse, H. Nguyen, B. B. Das, R. R. 
Alfano, and S. K. Gayen, “Synthesis and optical spectroscopic properties of multivalent and 
biocompatible hybrid cadmium sulfide-dendrimer nanocomposites.” Poster P44-9 presented at 
the Era of Hope Department of Defense Breast Cancer Research Program Meeting, June 25-28, 
2008, Baltimore, Maryland, and included in the meeting Proceedings, p. 310.   

Articles 
1. A. Byro, F. Wong, R.  Muthukattil, V. Balogh-Nair, “Green Synthesis of Biocompatible, 

Dendrimer-encapsulated PbS QDs Using Self-assembly,” to be submitted for publication 
in ACS-NANO (2008).   

2. V. Balogh-Nair, A. Byro, F. Wang, R. Muthukattil, Y. F. Tse, H. Nguyen, B. B. Das, R. 
R. Alfano, and S. K. Gayen, “Optical spectroscopy of multivalent hybrid CdS-dendrimer 
and PbS-dendrimer nanocomposites.” (In preparation) 

 
8.  CONCLUSION 
The major goals and objectives of the proposed project were accomplished by the synthesis of 
NIR emitting dendrimer-encapsulated QDs to which synthetic chemokine mimics were attached 
via the dendrimers’ surface. Optical Imaging experiments demonstrate the feasibility of using the 
nanocomposites as fluorescent contrast agents. In collaborative studies, it was established that 
the three VBN-compounds synthesized and tested were not toxic, and one of them (VBN-19R) 
displayed significant chemokine activity. These observations demonstrated the feasibility of the 
proposed hypothesis.   

“So What” 

The work accomplished in this project shows potential for developing nanocomposites that 
may help simultaneous detection and treatment of breast cancer. Much more work will be needed 
to realize that potential.   
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